Abstract Reduced adherence to medical treatment regimens may help to explain the higher risk of mortality among depressed cardiac patients. Participation in cardiac rehabilitation is a highly recommended part of the medical treatment regimen for cardiac patients. This study examined if elevated depressive symptomology, as measured by the Beck Depression Inventory (BDI), predicted failure to complete a 12-week phase II cardiac rehabilitation program for 600 patients. Logistic regression analysis showed that patients with elevated levels of depressive symptomology (BDI scores C 10) were 2.2 times less likely to complete cardiac rehabilitation compared to patients without depression (BDI \ 10), after controlling for age, gender, body mass index, and employment. Somatic symptoms predicted non-completion due to medical reasons, whereas younger age predicted failure to complete cardiac rehabilitation due to non-medical reasons. Given the difficulty of reducing mortality by treating depression directly, interventions targeting behavior change to improve medical treatment adherence might be an effective complementary strategy.
Introduction
Depression increases risk of mortality for patients with coronary artery disease (Carney et al. 1988) , for patients who have experienced a myocardial infarction (FrasureSmith et al. 1993; Frasure-Smith et al. 1995 Lesperance et al. 2002; van Melle et al. 2004 ) and for patients treated with coronary artery bypass graft surgery (Connerney et al. 2001) . Depression increases the risk of cardiac mortality four times in the first 6 months and over three times in the first year following a myocardial infarction (Frasure-Smith et al. 1993 .
Understanding the mechanisms by which depression influences mortality may inform treatment efforts for depressed cardiac patients. A number of possible mechanisms have been proposed to account for the relationship between depression and increased risk of cardiac mortality (Carney et al. 2002) . Potential mechanisms include physiological explanations, such as differential coronary disease severity, exaggerated platelet reactivity (Bruce and Musselman 2005) , increased inflammatory processes (Kop and Gottdiener 2005) , and dysregulation of the autonomic nervous system (Freedland et al. 2005) . Behavioral mechanisms may contribute to physiological mechanisms, as depressed patients are less likely to adhere to lifestyle modification compared to non-depressed patients ). Depression appears to have a negative impact on a variety of adherence behaviors in cardiac patients, including smoking cessation (Glassman et al. 1990 ), medication adherence (Carney et al. 1995a; Wang et al. 2002; Gehi et al. 2005; Bane et al. 2006; Morgan et al. 2006; Rieckmann et al. 2006) , and dietary and physical activity changes (Ziegelstein et al. 2000; Romanelli et al. 2002) .
Depression and cardiac rehabilitation
Depression appears to reduce adherence to a phase-II (outpatient) cardiac rehabilitation (CR). Participation in cardiac rehabilitation is related to lower rates of all-cause mortality and cardiac death, as well as improvements in quality of life and physical functioning (Taylor et al. 2004; Leon et al. 2005) . Despite the benefits of cardiac rehabilitation, many cardiac patients do not participate in the program. Only 10-20% of eligible patients who experienced a myocardial infarction or who underwent a revascularization procedure participate in cardiac rehabilitation each year (Taylor et al. 2004) . Depressed patients appear to be as likely as non-depressed patients to enroll in cardiac rehabilitation (Farley et al. 2003; Hughes et al. 2006b ). However, higher levels of depression have been associated with a failure to complete cardiac rehabilitation (Blumenthal et al. 1982; Glazer et al. 2002; Lane et al. 2001; Sanderson and Bittner 2005; Turner et al. 2002; CaulinGlaser et al. 2007) .
Over 25 years ago, Blumenthal et al. (1982) found that cardiac rehabilitation dropouts were more depressed at the start of cardiac rehabilitation compared to patients who remained in the program. Similarly, Lane et al. (2001) found that cardiac rehabilitation non-completers had significantly higher depression scores compared to cardiac rehabilitation completers in patients who suffered a myocardial infarction. Depression predicted adherence in a sample of 46 patients with coronary heart disease (Glazer et al. 2002) . In another sample of 348 patients enrolled in a large, urban cardiac rehabilitation program, patients with a BDI score of 14 or greater were 5.65 times more likely to not complete cardiac rehabilitation compared to patients with BDI scores less than 14 (Caulin-Glaser et al. 2007) . In a study of 228 women with coronary heart disease enrolled in a cardiac rehabilitation program at an academic medical center depression was related to cardiac rehabilitation completion (Sanderson and Bittner 2005) , and predicted dropout in a sample of 1902 cardiac patients admitted to a community-based, hospital-linked cardiac rehabilitation program (Turner et al. 2002) .
Although evidence suggests that depression contributes to failure to complete cardiac rehabilitation, this literature has often been limited by small sample sizes and imprecise definitions of completion, relying solely on a percentage of sessions attended to determine completion (Blumenthal et al. 1982; Lane et al. 2001; Glazer et al. 2002) . Another limitation has been the use of retrospective analytic strategies, in which non-completers are shown to have higher baseline depression scores than completers (Blumenthal et al. 1982; Lane et al. 2001; Glazer et al. 2002; Sanderson and Bittner 2005) . A more informative strategy would be to prospectively evaluate the relationship between depression and completion using logistic regression in order to determine whether depression predicts completion of cardiac rehabilitation (Lane et al. 2001; Sanderson and Bittner 2005; Turner et al. 2002; Caulin-Glaser et al. 2007) .
Therefore, the goal of the present study was to extend the previous literature on depression and completion of cardiac rehabilitation by evaluating whether depression independently predicts failure to complete cardiac rehabilitation, using a prospective analytic strategy, a large sample of both men and women, and more precise completion criteria. Specifically, the study was conducted to determine if patients reporting more symptoms of depression would be less likely to complete a 12-week cardiac rehabilitation program. It was expected that higher levels of depressive symptoms would predict a lower rate of completion in cardiac rehabilitation, after controlling for age, gender, employment, and body mass index. In keeping with prior research, it was also hypothesized that younger age and being female would predict failure to complete cardiac rehabilitation (Glazer et al. 2002; Lane et al. 2001; Sanderson et al. 2003; Todaro et al. 2005; Lavie and Milani 2006a; Josephson et al. 2006; Lavie and Milani 1996) .
Method

Participants
Participants included 600 consecutive patients enrolled in Summa Health System's phase-II cardiac rehabilitation program at Akron City Hospital, all of whom completed the Beck Depression Inventory. Patients were admitted to the program based on physician referral 2-8 weeks following hospitalization for heart disease, angina, heart failure, heart attack, coronary artery bypass surgery, heart valve repair or replacement, angioplasty, atherectomy, rotablation, stenting, or heart transplant. All patients met national guidelines for cardiac rehabilitation participation. Demographic and medical characteristics can be found in Table 1 . Participants were 70% men with a mean age of 66 years old (ranging from 28 to 89 years old).
Program
The cardiac rehabilitation program at Summa Health System's Akron City Hospital enrolls approximately 400 patients each year. The phase II outpatient EKG-monitored exercise and education program was designed to help cardiac patients with recuperation and also to allow patients to develop a personal heart disease prevention program. The Following an intake assessment, patients typically attended three sessions of cardiac rehabilitation per week for twelve weeks for a total of 36 sessions. In some cases, patients were placed on a ''short program'' of 12-20 sessions due to insurance limitations or entering cardiac rehabilitation with a high exercise capacity (10 metabolic equivalents or higher) during an intake treadmill stress test. The CR program took place in groups ranging from 8 to 16 patients and was managed by a team of nurses and exercise physiologists. Each session was one and a half hours long with one hour devoted to exercise and one half hour spent on education.
Procedure
Study procedures were reviewed and approved by the Institutional Review Boards of Kent State University and SUMMA Health System. Prior to starting cardiac rehabilitation, patients completed a battery of questionnaires including depression and quality of life inventories. Patients also met with a case manager who gathered medical and demographic information and developed an individualized list of goals for the patient.
Measures
Depression
The Beck Depression Inventory (BDI) (Beck et al. 1961) was used to assess depressive symptomatology during the previous two weeks. Each of the 21 items on the BDI BDI total scale 7.1 ± 6.6 6.6 ± 6.2 9.0 ± 7.4 .001
Cognitive-affective subscale 2.7 ± 3.9 2.5 ± 3.8 3.7 ± 4.4 .001
Somatic subscale 4.4 ± 3.3 4.2 ± 3.1 5.1 ± 3.7 .001
Exercise capacity 6.2 ± 2.8 6.19 ± 2.74 6.14 ± 3.10 .87
Sessions attended 28.3 ± 10.7 32.7 ± 6.1 12.1 ± 8.4 .00
consists of four statements representing increasing degrees of severity with scores ranging from 0 to 3. Total scores on the BDI can range from zero (no depression) to a maximum score of 63 (severe state of depression). A BDI score of 10 or greater is considered to indicate the possibility of at least mild depression. The BDI includes a 13-item cognitiveaffective subscale and an 8-item somatic symptom subscale. Cardiac rehabilitation staff members notified the primary care or the referring physician for patients with scores above 19 and for patients who responded positively to an item indicating suicidal ideation or intent.
Completion
Completion of cardiac rehabilitation was determined on an individual basis in order to differentiate favorable completion from failing to complete cardiac rehabilitation. Thus, our aim was to define adherence to cardiac rehabilitation more carefully than previous studies. For example, a patient was coded as either a ''completer'' or ''non-completer'' according to case manager's notes in discharge summaries and in the comments section of the electronic medical record. Patients were considered to be a ''completer'' if the cardiac rehabilitation staff determined that the patient had sufficiently met cardiac rehabilitation program expectations and documented a successful discharge in the patient's cardiac rehabilitation chart. Conversely, patients were coded as a ''non-completer'' if exit paperwork and stress test were not completed (i.e., failed to complete discharge procedures) and if the cardiac rehabilitation staff did not consider the patient to have participated enough in the program to warrant completion. Patient reasons for ''non-completion'' were categorized into medical and non-medical reasons based on case manager notes, and further coded into the subcategories listed in Table 2 .
Attendance
The number of total sessions attended was recorded for each patient. It was also noted whether or not the patient initially intended to enroll in the program on a shortened schedule (on a track for less than 36 sessions due to insurance restrictions or beginning cardiac rehabilitation with a particularly high physical fitness level).
Sociodemographics
Five sociodemographic characteristics were assessed: age, gender, race, education level, and employment status. Education level was based on the number of completed years of formal education and was represented as a continuous variable. Employment status consisted of two categories: employed and retired/not employed. Table 1 includes medical characteristics relevant to the patient's condition gathered from intake appointment data including weight, body mass index, diagnosis, medications, and other risk factor information.
Medical characteristics
Results
Description of the sample
The sample included 600 patients (418 men and 182 women) who enrolled in cardiac rehabilitation between April 2004 and October 2005. Out of the 600 total patients, 473 (78%) of patients completed the cardiac rehabilitation program, including 16 patients who completed a prescribed shortened program. As can be seen in Table 1 , BDI scores ranged from 0 to 42, with an average of 7.1 ± 6.6. BDI scores were dichotomized into ''depressed'' (BDI C 10) and ''non-depressed'' (BDI \ 10) categories based on the cutoff for possible depression (Beck et al. 1961 ) and previous literature using the BDI to predict mortality risk in cardiac patients (Frasure-Smith et al. 1993 , 1995  Lesperance et al. 2002; van Melle et al. 2004) . Patients with elevated depression scores (N = 151) constituted 25% of the sample.
Depression and completion
Logistic regression analyses were conducted to investigate whether depressive symptomology predicted completion of cardiac rehabilitation after controlling for age, gender, body mass index, and employment. The results of the logistic regression, using depression as a continuous variable, are presented in Table 3 . As hypothesized, participants who had higher levels of depressive symptoms were less likely to complete cardiac rehabilitation (B = -.04, p \ .01) when simultaneously analyzed with the other variables in a multivariate logistic regression. To aid in interpretation of odds ratios, a second logistic regression was conducted treating depressive symptomology as a categorical variable. Patients with elevated levels of depressive symptoms (BDI scores C 10) were 2.2 times less likely to complete cardiac rehabilitation compared to patients without depression (BDI \ 10). Among patients with BDI scores of 10 or greater 33% failed to complete cardiac rehabilitation compared to 17% of patients with BDI scores less than 10 failing to complete cardiac rehabilitation.
Age and completion
Patients who were older were more likely to complete cardiac rehabilitation (B = .04, p \ .01), as shown by the results of the logistic regression in Table 3 . This was not due to an association of age and depression, as there was no significant relationship between depression and age at the start of cardiac rehabilitation (r = -.07, p [ .05). For illustrative purposes, a second logistic regression was conducted dichotomizing age at C65 and \65. Patients 65 years old and older were 2.39 times more likely to complete cardiac rehabilitation compared to patients younger than age 65. Among patients 65 years and older only 15% failed to complete cardiac rehabilitation compared to 30% of patients below 65 years old failing to complete cardiac rehabilitation.
Gender and completion
An independent samples t-test indicated that women (M = 8.59, SD = 7.35) were significantly more depressed than men (M = 6.44, SD = 6.1) at the start of cardiac rehabilitation, t(598) = -3.72, p \ .01. However, gender was not significantly associated with completion of cardiac rehabilitation (B = .29, p = .20) as shown in Table 3 . Out of 182 women in the study, 45 (25%) failed to complete cardiac rehabilitation. This percentage did not significantly differ from the 82 out of 418 (20%) of men that failed to complete cardiac rehabilitation, v 2 (1) = 1.98, p = .16.
Interactions of depression, gender and age
Interaction terms were added to the logistic regression to determine if interactions among the continuous variables depression and age and the categorical variable gender significantly predicted completion. The interactions of depression 9 age (B = -.001, p = .30), depression 9 gender (B = -.02, p = .42), age 9 gender (B = .02, p = .34), and depression 9 age 9 gender (B = -.001, p = .18) did not predict cardiac rehabilitation completion.
Additional covariates: body mass index and employment
Although completers and non-completers differed in their body mass index and employment status, at the start of cardiac rehabilitation, neither body mass index or employment status significantly predicted completion when included in the logistic regression. Non-completers had a higher body mass index (M = 31, SD = 8) compared to completers (M = 30, SD = 5), t(596) = 2.22, p = .03. However, the logistic regression analysis indicated that body mass index was not significantly associated with completion of cardiac rehabilitation (B = -.01, p = .47) as shown in Table 3 . A greater percentage of non-completers (56%) were employed compared to the percentage of completers (39%) who were employed, v 2 (1) = 10.21, p \ .01. As shown in Table 3 , employment was not significantly associated with completion of cardiac rehabilitation when included in the logistic regression analysis (B = .31, p = .27).
Reasons for non-completion
Exploratory analyses were also conducted to examine if depression predicted reasons for failing to complete cardiac rehabilitation. Patients who failed to complete cardiac rehabilitation were categorized into non-completion for ''medical reasons'' (cardiac, musculoskeletal, or other) and non-completion for ''non-medical reasons'' (insurance, work schedule, vacation, exercising on own, transportation, nursing home, poor attendance, not interested). Table 2 shows the frequencies and percentages for patients who failed to complete cardiac rehabilitation for medical and non-medical reasons. Non-completion was due to medicalrelated reasons for 52 out of the 127 (41%) patients that failed to complete cardiac rehabilitation, compared to 75 (59%) patients failing to complete cardiac rehabilitation for non-medical reasons. Among the 50 patients with elevated depressive symptomology (BDI C 10) who failed to complete cardiac rehabilitation, 22 (44%) did not complete for medical reasons and 28 (56%) did not complete for non-medical reasons. Among the 77 patients without depressive symptoms who failed to complete cardiac rehabilitation, 30 (39%) did not complete due to medical reasons and 47 (61%) did not complete out due to nonmedical reasons. Patients who dropped out for medical reasons (M = 66.5, SD = 11.5) were significantly older than patients who dropped out for non-medical reasons (M = 58.2, SD = 13.4), t (123) = -3.64, p \ .01. Men and women were equally likely to drop out for medical or non-medical reasons, v 2 (1) = .02, p = .89. A multinomial logistic regression was conducted to determine if depressive symptomology, age, and gender predicted dropout due to a medical reason or dropout due to a non-medical reason when compared to a reference group of cardiac rehabilitation completers. Depressive symptomology significantly predicted non-completion due to a medical reason (B = 1.00, p \ .01), but only marginally predicted non-completion for non-medical reasons (B = .40, p = .06). Thus, when medical reasons for noncompletion were considered, lower levels of depressive symptoms were associated with higher completion rates. For example, compared to patients with BDI scores of 10 and above, those with lower scores were 2.7 times more likely to complete cardiac rehabilitation. Age significantly predicted non-completion due to a non-medical reason (B = 1.41, p \ .01), but was unrelated to non-completion due to a medical reason (B = .14, p = .62). That is, when medical reasons for non-completion were considered, older and younger patients were equally likely to complete the program. When non-medical reasons were considered, older patients were more likely to complete cardiac rehabilitation. For example, compared to patients below the age of 65, older patients were 4.1 times more likely to complete cardiac rehabilitation. Gender did not predict non-completion due to medical (B = -.21, p = .81) or non-medical reasons (B = -.36, p = .19).
Additional exploratory analyses were conducted to examine if the somatic or cognitive-affective BDI subscales differentially predicted cardiac rehabilitation completion. The average score per item was higher for the somatic subscale (M = .55, SD = .41) compared to the average score per item for the cognitive-affective subscale (M = .21, SD = .30), t(599) = -25.46, p \ .01. As shown in Table 1 , non-completers had higher scores on both the cognitiveaffective and somatic subscales compared to completers. A second multinomial logistic regression was conducted to determine if the cognitive and somatic subscales predicted completion, non-completion due to a medical reason, or noncompletion due to a non-medical reason. After controlling for age and gender, the somatic subscale significantly predicted non-completion due a medical reason (B = .05, p \ .01). Although patients with higher somatic subscale scores were more likely to not complete cardiac rehabilitation due to a medical reason, the cognitive-affective subscale score did not predict non-completion due to a medical reason (B = 1.00, p = .78). After controlling for age and gender, the somatic subscale (B = .03, p = .34) and the cognitiveaffective subscale (B = .02, p = .94) were unrelated to noncompletion due to non-medical reasons. Age was the only predictor of non-completion due to a non-medical reason (B = 1.43, p \ .01).
Participation time for non-completers
Additional analyses were conducted to examine how quickly non-completers discontinued their participation in the cardiac rehabilitation program. Table 4 shows that 71 of the 127 (56%) non-completers discontinued their participation during their first month of cardiac rehabilitation, with the most patients (N = 44) ending their participation during the first 2 weeks of cardiac rehabilitation. Among 50 non-completers with elevated levels of depressive symptoms, 22 (44%) discontinued their participation during the first 2 weeks. Half (22/44) of the patients who stopped participation during the first 2 weeks had BDI C 10 compared to BDI C 10 in only one-third (22/83) of non-completers during the remaining 2 months.
Discussion
Depression and CR completion
The primary hypothesis of the present study was supported, as elevated depressive symptomology independently predicted failure to complete cardiac rehabilitation, after controlling for age, gender, employment, and body mass index. Results of logistic regression analysis indicated that patients with elevated levels of depressive symptoms were 2.2 times less likely to complete cardiac rehabilitation compared to patients without depressive symptoms. The two-fold increase is similar to other variables predicting non-completion reported by Sanderson et al., such as smoking (odds ratio = 2.1), obesity (odds ratio = 2.5), and shorter 6-min walk distance (odds ratio = 1.7) (Sanderson et al. 2003) .
Age also predicted completion, as older patients were more likely to complete cardiac rehabilitation compared to younger patients. Patients 65 years old and older were 2.39 times more likely to complete cardiac rehabilitation compared to patients younger than age 65. It might be expected that younger patients are less likely to complete cardiac rehabilitation due to an increased likelihood of being employed. Although a greater percentage of non-completers were employed (56%) compared to completers (39%), employment did not add any predictive value beyond age when included in logistic regression analysis.
Contrary to prediction, women were not less likely to complete cardiac rehabilitation compared to men. In our sample, the percentage of women completing cardiac rehabilitation (75%) was quite similar to the completion rate for men (80%). These results are discrepant with the finding from other studies that women were less likely to complete cardiac rehabilitation (Lane et al. 2001; Worcester et al. 2004) . However, previous studies categorized patients who never enrolled in cardiac rehabilitation as noncompleters. In the present study, only patients who started the cardiac rehabilitation program, but failed to complete it, were classified as non-completers. In another study at the same cardiac rehabilitation program, we recently found that women are less likely than men to enroll in cardiac rehabilitation (Hughes et al. 2006a ). Therefore, women at the highest risk of failing to complete cardiac rehabilitation may not initially enroll, resulting in an apparent increase in the percentage of women that complete CR. Gender may be a barrier to cardiac rehabilitation enrollment, but once enrolled, women appear to be equally as likely as men to complete cardiac rehabilitation.
Exploratory analysis
Reasons for dropout
A variety of reasons contributed to failure to complete CR, as patients failed to complete cardiac rehabilitation due to medical reasons (41%) or non-medical (59%) reasons. The rates of the present study are similar to the results of Sanderson et al. (2003) who found that 63% of noncompleters did not complete cardiac rehabilitation because of non-medical reasons. In the present study, patients without depression were 2.73 times more likely to complete cardiac rehabilitation rather than not complete cardiac rehabilitation due to a medical reason, compared to patients with elevated levels of depressive symptoms. However, when the depression scores were separated into somatic and cognitive-affective components, only the somatic component predicted non-completion due a medical reason. Somatic symptoms predicting non-completion for medical reasons could potentially be due to greater sickness and worse physiological functioning among patients with elevated depressive symptoms (Ruo et al. 2004; Carney et al. 2001 Carney et al. , 1995b Hughes et al. 2006c ). Although illness severity was not directly assessed, cardiac diagnosis was unrelated to completion. Additionally, indicators of physiological functioning, such as BMI and exercise capacity, were not significant predictors of cardiac rehabilitation completion in the present study. An alternative possibility is that the endorsement of somatic symptoms may not be due to illness severity or physical functioning, but rather cognitive biases. Previous research suggests that depressed patients may perceive more symptoms or perceive their symptoms as more severe (Sullivan et al. 1999 ). Another possibility is that depressed patients may be less resilient and perceive the symptoms as more aversive, allowing the symptoms to be barriers for functioning and adhering to medical treatment recommendations. Future research should examine specifically why the high endorsement of somatic symptoms by patients with higher depressive symptomology is related to failure to complete cardiac rehabilitation.
Depression was unrelated to non-completion due to nonmedical reasons. Age was the only predictor of non-completion due to a non-medical reason, as patients aged 65 and above were 4.1 times more likely to complete cardiac rehabilitation, as opposed to non-completion for a nonmedical reason, compared to patients below the age of 65. This finding suggests that targeting logistic and practical barriers to completing cardiac rehabilitation for younger patients may contribute to improved adherence rates.
Participation time for non-completers
Over half of non-completers discontinued their participation within the first month of cardiac rehabilitation, with the most patients discontinuing participation during the first 2 weeks. Half of the patients who stopped participating during the first 2 weeks of cardiac rehabilitation were depressed. In comparison, only one-third of non-completers during the remaining 2 months of cardiac rehabilitation were depressed. In addition, Parashar et al. (2006) found that even transient depression (lasting less than 1 month) was associated with worse long term outcomes in myocardial infarction patients. The researchers suggested that although depressive symptoms may decrease with time, the biological or behavioral effects of depression take longer to subside. The great impact of even short periods of depression and the high rate of patients with elevated levels of depressive symptoms who discontinued participation during the first two weeks of cardiac rehabilitation in the present study lend support for intervening with depressed patients early in the cardiac rehabilitation program.
Measuring depression
The 25% prevalence rate of elevated depressive symptomology in the present study was similar to rates ranging from 15% to 31% among other studies of patients enrolled in cardiac rehabilitation (Todaro et al. 2005; Sanderson and Bittner 2005; Lavie and Milani 2006b) . Although the BDI is a widely used and well-validated measure, it does not provide definitive diagnoses of depression or yield as much information as a structured clinical interview. The BDI cutoff scores used in the present study to indicate the possibility of clinically significant depression are widely used, particularly with research in cardiac samples (Frasure-Smith et al. 1995 Lesperance et al. 2002; Grace et al. 2004) . Future research should utilize structured clinical interviews in order to better assess the prevalence of depression in cardiac rehabilitation patients. An additional concern related to using the BDI to assess depression in a sample of cardiac rehabilitation patients is the overlap of symptoms between depression and cardiovascular diseases. Endorsement of somatic symptoms may be the result of physical difficulties related to the cardiac problem. The patients in our sample appeared to endorse more somatic symptoms than cognitive-affective symptoms, consistent with previous studies of cardiac samples (Martens et al. 2006) . Alternatively, depression in cardiac patients may go undiagnosed because somatic symptoms may be incorrectly attributed to the cardiac condition instead of depression (Thornton 2001) .
Measuring completion
The overall sample in the present study had a relatively high percentage of patients completing cardiac rehabilitation (78%) in comparison to other studies of cardiac rehabilitation completion wherein completion percentages ranged from 40% to 85% (Blumenthal et al. 1982; Daly et al. 2002; Glazer et al. 2002; Jeng and Braun 1997; Lane et al. 2001; Oldridge et al. 1983; Oldridge and Stoedefalke 1984; Sanderson et al. 2003; Sanderson and Bittner 2005; Turner et al. 2002; Caulin-Glaser et al. 2007 ). Our program is nationally certified by the American Association of Cardiovascular and Pulmonary Rehabilitation through adherence to and documentation of a high level of clinical standards of patient care (American Association of Cardiovascular and Pulmonary Rehabilitation 2004) with features commonly associated with a high likelihood of completion, such as multiple class times and a centrally located facility. Although it is unclear if the results of the present study would generalize to other programs that face more challenges (i.e., less staff, smaller facility, less flexible class times), it is likely that a stronger relationship between depressive symptoms and completion would exist in cardiac rehabilitation programs without high completion rates.
In the present study we provided a clear definition of completion and allowed case managers to determine if patients had made enough progress to be deemed cardiac rehabilitation completers. However, there is no ''gold standard'' for ''completion'' or for other health adherence behaviors, making adherence difficult to define, measure, and assess.
Limitations
Although gender, age, employment, and marital status were assessed, other emotional, personality, and social factors, such as anxiety, hostility, or social support, were not included. Future research should evaluate whether risk of noncompletion is specific to depression symptoms, or due in part to other related psychosocial characteristics for which depression symptoms may be a marker. In addition, accounting for objective indicators of disease severity, such as left ventricular ejection fraction or number of diseased coronary vessels, would strengthen our findings. Depression predicts cardiac mortality even after controlling for disease severity (Lesperance et al. 2000 (Lesperance et al. , 2002 , but future research is warranted to determine if disease severity partly mediates the association between depression symptoms and adherence. Finally, although anti-depressant medication use was included in the analysis, the details of treatment for depression (including psychological treatments) were not assessed. Treating depression with psychotherapy has not been shown to reduce cardiac mortality, but treatment of depression could potentially improve cardiac rehabilitation adherence.
Implications
Given the difficulty of reducing mortality by treating depression directly, interventions targeting behavior change to improve adherence to proven medical treatments might be an effective complementary strategy. Assessing for depression in cardiac rehabilitation and employing interventions that target depressed patients might improve overall rates of completion in cardiac rehabilitation. The results of our study suggest that interventions aimed at improving adherence in depressed patients would need to be implemented during the first few weeks of cardiac rehabilitation. The findings of the present study could also be applied to other health and exercise programs in which depressed patients may exhibit reduced adherence. Rozanski (2005) asserts that three categories of assistance have been developed for promoting patient adherence to health habit change: overcoming barriers to maintaining new health behaviors; providing external support for maintaining new health behaviors; and motivating patients to initiate and sustain their own behavioral self-management. Providing external support for younger patients (i.e. transportation, child care) and using interventions, such as motivational interviewing (Brodie and Inoue 2005; Scales and Miller 2003) , for depressed patients, could contribute to improved adherence among cardiac patients.
However, it is also important to avoid making assumptions regarding effective treatments based on correlational studies, as we have learned from previous trials such as ENRICHD (Berkman et al. 2003) . Therefore, additional research needs to be conducted to determine more specific reasons why patients with depressive symptoms are less likely to complete cardiac rehabilitation. The post hoc results of the present study show the potential importance of somatic symptoms that may imply that physical disability, pain, or symptom severity may be key contributors that warrant further consideration.
Conclusions
The results of the present study suggest that patients with elevated levels of depressive symptoms are at a higher risk of failing to complete cardiac rehabilitation compared to patients without depressive symptoms. Our study showed that even in a cardiac rehabilitation program with high quality care where considerable effort is taken to retain patients, depression has a negative impact on adherence. By including the case manager's clinical determination of completion, the present study also extended results of previous studies on cardiac rehabilitation adherence by using a clinical approach, as opposed to solely an administrative approach, in determining successful program completion. In addition, this study added to the existing literature by separately examining somatic and affective components of depression, and by identifying the first two weeks of cardiac rehabilitation as the time point at which depressed patients are most likely to drop out. Consequently, for depressed patients, interventions should be implemented that target the completion of cardiac rehabilitation. These efforts should be implemented as early as possible in the cardiac rehabilitation process. Interventions targeting behavior change in order to improve medical adherence, particularly for younger patients and patients with higher levels of depressive somatic symptoms, might prove to be more effective at reducing cardiac mortality among depressed patients compared to interventions targeting reduction of depression symptoms.
